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ABSTRACT 

The a u t h o r  p r e s e n t e d  a b r i e f i n g  on f l a m m a b i l i t y  p r e d i c -  
t i o n  t e c h n i q u e s  t o  t h e  Apo l lo  Program O f f i c e  on December 5 ,  and  on 
December 7 i t  was g i v e n  a g a i n  by T .  L .  Powers t o  Dr. Seamans. 

The r e q u i r e m e n t s  f o r  f l a m m a b i l i t y  p r e d i c t i o n  were f e l t  
t o  be  t h e o r e t i c a l  and d e s i g n  t h e o r i e s ,  a body o f  e m p i r i c a l  know- 
l e d g e ,  and r e l i a b l e ,  e f f i c i e n t  means of  d e s i g n  v e r i f i c a t i o n .  The 
A p o l l o  Program combust ion  i n v e s t i g a t i o n s ,  a l t h o u g h  s p e c i f i c a l l y  
d i r e c t e d  toward  s u p p r e s s i n g  f lame s p r e a d  i n  t h e  Apo l lo  s p a c e c r a f t  
cabin,  have produced  r e s u l t s  which promise  t o  be more g e n e r a l l y  
a p p l i c a b l e .  The f u l l - s c a l e  t e s t s  t o  v e r i f y  t h e  u s e  o f  m a t e r i a l s  
and  a r r a n g e m e n t s  used  i n  t h e  Apol lo  w i l l  have a p p l i c a t i o n  t o  a 
large c l a s s  o f  f u t u r e ,  t e c h n i c a l l y  advanced ,  v e h i c l e s .  A l a r g e  
amount o f  f l a m m a b i l i t y  data  g e n e r a t e d  f o r  n o n m e t a l l i c  mater ia ls  
i n  oxygen was a s sembled  and  wide ly  d i s t r i b u t e d  i n  t h e  form o f  a 
c o m p u t e r i z e d  l i s t i n g ,  d e n o t e d  COMAT. I n  g e n e r a l ,  t h e  s t a n d a r d i z a -  
t i o n  o f  t e s t  t e c h n i q u e s  and  t h e  t e s t  r e s u l t s  f rom Apo l lo  Prograin 
e f f o r t s  are immedia t e ly  u s e f u l  and  w i l l  c o n t r i b u t e  to t h e  t h e o r y  
and  t e c h n o l o g y  o f  f l a m m a b i l i t y  p r e d i c t i o n .  

The b r i e . f i n g  was g e n e r a t e d  i n  r e s p o n s e  t o  t h e  f o l l o w i n g  
a c t i o n  i t e m  on f l a m m a b i l i t y  p r e d i c t i v e  t e c h n i q u e s  from Dr. Seamans 
O c t o b e r  1 3  r ev iew:  

"Continue t o  examine t h e  deve'lopment o f  p r e d i c t i v e  
c a p a b i l i t i e s  and t e c h n i q u e s  i n  t h e  area o f  f i r e  h a z a r d s  
a n d  f l a m m a b i l i t y  a s ses smen t  f o r  manned s y s t e m s .  The 
e m p i r i c a l  r e s u l t s  o f  c u r r e n t  t e s t s  s h o u l d  be used  n o t  
o n l y  t o  v a l i d a t e  LM and CSM s a f e t y ,  b u t  a l s o  t o  g e n e r -  
a l i z e  t h e  t h e o r y  and  v a l i d a t e  t h e  mechanism o f  f i r e  
and  flame p r o p a g a t i o n  which may e x t e n d  t h e  c a p a b i l i t y  
o f  t hese  d a t a  or t e c h n i q u e s  t o  f u t u r e  manned s y s t e m s ,  
i n c l u d i n g  a i r c r a f t ,  s u b m e r s i b l e s ,  s p a c e  s y s t e m s ,  e t c . "  

A t  t h e  c o n c l u s i o n  o f  t h e  December 7 b r i e f i n g ,  D r .  Seamans 
r e q u e s t e d  t h a t  a.sLimmary o f  t h e  a p p l i c a b i l i t y  o f  t h e  Apol lo  flamma- 
b i l i t y  work t o  f u t u r e  manned s y s t e m s ,  w i t h  emphas i s  on i n t e r a g e n c y  
c o o r d i n a t i o n ,  be p r e p a r e d  f o r  p o s s i b l e  i n c l u s i o n  w i t h  t h e  NASA 
budge t  supp lemen ta ry  ma te r i a l s  i n  J a n u a r y .  - 
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MEMORANDUM FOR FILE 

The w r i t e r  p r e s e n t e d  a b r i e f i n g  to t h e  Apol lo  Program 
O f f i c e  December 5 morning mee t ing  on t h e  c o n t r i b u t i o n  o f  t h e  Apo l lo  
combust ion  i n v e s t i g a t i o n s  t o  f l a m m a b i l i t y  p r e d i c t i o n  t e c h n i q u e s  
f o r  f u t u r e  v e h i c l e s .  T h i s  s u b j e c t  mat ter  was l a t e r  p r e s e n t e d  t o  
D r .  Seamans by T .  L .  Powers o,n December 7 .  

I n  o r d e r  to make r e l i a b l e  p r e d i c t i o n s  on t h e  f l a m m a b i l i t y  

a. a g e n e r a l  t h e o r y  o f  how t h i n g s  b u r n ,  

o f  f u t u r e  v e h i c l e  d e s i g n s  w e  need: 

e s p e c i a l l y  d i f f u s i o n  flames; 

b. a d e s i g n  t h e o r y  t o  r e l a t e  t h e  g e n e r a l  know- 
l e d g e  t o  p r a c t i c a l  d e c i s i o n s ;  

c .  a d a t a  bank f o r  s p e c i f i c  n u m e r i c a l  s u p p o r t  
o f  e x p e c t a t i o n s  and d e c i s i o n s ;  and  

d.  r e l i a b l e ,  e f f i c i e n t  t e s t  t e c h n i q u e s  ( f i r s t  
vu-grap h ) . 

Apol lo  combust ion  i n v e s t i g a t i o n s  have produced  f o u r  s i g -  
n i f i c a n t  accompl i shmen t s .  F u l l - s c a l e  c a b i n  t e s t s  have been  p e r -  
formed.  A l a rge  amount o f  n o n m e t a l l i c  combust ion  da ta  has been 
p roduced .  The program has developed  and  documented t e s t  t e c h n i q u e s  
and made some b e g i n n i n g  c o n t r i b u t i o n s  to a combust ion  t h e o r y  
( s e c o n d  vu-g raph) .  

The f u l l - s c a l e  s p a c e c r a f t  t e s t s  had as t h e i r  p u r p o s e  
t h e  u r g e n t  n e c e s s i t y  o f  e s t a b l i s h i n g  t h e  combust ion  s a f e t y  p r i o r  
to manning o f  s p e c i f i c  s p a c e c r a f t  and  t h e y  had t o  be  pe r fo rmed  
w i t h  a minimum o f  d e l a y  and w i t h i n . t h e  l i m i t s  o f  a v a i l a b l e  man- 
power and f a c i l i t i e s .  Dominated by  t h e  n e c e s s i t y  t o  d i r e c t l y  
Suppor t  t h e  Apol lo  Program, t h e  t e s t s  were pe r fo rmed  u n d e r  s p e c i f i c ,  
somewhat l i m i t e d ,  c o n d i t i o n s  ( t h i r d  vu -g raph) .  

During t h e s e  f u l l - s c a l e  t e s t s  a l a r g e  q u a n t i t y  o f  data  

' f u l l - s c a l e  t e s t i n g  a r e  b e i n g  r e f i n e d  and improved .  I n  a d d i t i o n ,  

on t h e  i g n i t i o n  and p r o p a g a t i o n  c h a r a c t e r i s t i c s  was g e n e r a t e d  f o r  
p r a c t i c a l  materials,  s h a p e s ,  and assemblies .  T e s t  t e c h n i q u e s  f o r  

t h e  t e s t s  conf i rmed  LPI c a b i n  combust ion r e s i s t a n c e  and  t h e  g e n e r a l  
basis  f o r  r e c e n t  d e s i g n  d e c i s i o n s  ( f o u r t h  v u - g r a p h ) .  
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A c e n t r a l  e f f o r t  of  t h e  program h a s  been  t h e  accumula- 
t i o n  of  combust ion  da ta  on n o n m e t a l l i c  mater ia l s .  As a r e s u l t  o f  
t h i s  e f f o r t  t h e r e  i s  now i n  COIVIAT ( " C h a r a c t e r i s t i c s  o f  Materials 
T e s t  Data L i s t i n g " )  t h e  largest  c o l l e c t i o n  o f  data ( a b o x  2,800 
e n t r i e s )  on t h e  i g n i t i o n ,  flame s p r e a d ,  and  some p y r o l y s i s  
c h a r a c t e r i s t i c s  o f  p r a c t i c a l  materials. T h i s  c o l l e c t i o n  t o t a l s  
more t h a n  a l l  o t h e r  p r e v i o u s  oxygen combust ion  da ta .  

The e f f e c t s  o f  a c c e l e r a t i o n  f i e l d s  on combust ion  o f  
some s e l e c t  mater ia ls  have  been s t u d i e d  i n  1 t o  15 g t e s t s  a t  
White Sands T e s t i n g  F a c i l i t y  and elsewhere,  as w e l l  as d u r i n g  
l i m i t e d  zero-g  t e s t s ,  which were r e p o r t e d  by Kimzey and  h i s  
a s s o c i a t e s . *  T h i s  newly g e n e r a t e d  data has been  wide ly  d i s t r i -  
b u t e d  and w i l l  become g e n e r a l l y  a v a i l a b l e  ( f i f t h  vu -g raph) .  

Another  r e s u l t  of program e f f o r t s  w i l l  be  a handbook, 
"Nonmeta l l i c  Materials f o r  S p a c e c r a f t ,  " which i s  b e i n g  p u b l i s h e d  
u n d e r  t h e  d i r e c t i o n  o f  t h e  R e l i a b i l i t y  and  Q u a l i t y  Assurance  
D i r e c t o r a t e  a t  IvISC. T h i s  handbook w i l l  summarize t h e  f i n d i n g s  
of t h e  program and t h e  l a t e s t  t e c h n i c a l  l i t e r a t u r e  i n  a form f o r  
t h e  g rea t e s t  g e n e r a l  u s e f u l n e s s .  It w i l l  be comple t e  n e x t  
September  ( s i x t h  vu-graph)  . 

The e x t e n s i v e  t e s t  work s t i m u l a t e d  t h e  development  and  
s t a n d a r d i z a t i o n  o f  t e s t  t e c h n i q u e s ,  (see " P r o c e d u r e s  and  Requ i re -  
men t s  f o r  t h e  E v a l u a t i o n  of S p a c e c r a f t  N o n m e t a l l i c  Mater ia ls ,  '' 
MSC-A-66-3). The sample test methods have been  r e v i s e d  by j o i n t  
e f f o r t  o f  t h e  p e o p l e  d o i n g  t h e  a c t u a l  t e s t i n g .  For example ,  t h e  
p rob lems  o f  m e a s u r i n g  f l ame  speed  d u r i n g  a c c e l e r a t i o n  t e s t s  have  
encouraged  improvement on t h e  i n s t r u m e n t a t i o n  and  o p e r a t i o n  o f  
s u c h  t e s t s .  F u l l - s c a l e  combust ion  e x p e r i e n c e  has c o n t r i b u t e d  t o  
t e c h n i q u e s  which w i l l  be  a p p l i c a b l e  t o  o t h e r  v e h i c l e  sys t ems  be- 
c a u s e  t h e  s i z e  and t h e  s h a p e  and t h e  materials and  t h e  g e n e r a l  
c o n f i g u r a t i o n  a re  g o i n g  t o  b e  a t  l e a s t  s imi la r .  Dur ing  a r e c e n t  
Combustion I n s t i t u t e  c o n f e r e n c e * * i t  was t h e  unanimous concensus  
t h a t  f u l l - s c a l e  t e c h n i q u e s  a r e ,  a t  p r e s e n t ,  t h e  b e s t  way o f  g e t t i n g  
d e p e n d a b l e ,  p r a c t i c a l ,  combust ion i n f o r m a t i o n  ( s e v e n t h  vu -g raph) .  

The program e f f o r t  i n c l u d e s  a n  a t t e m p t  t o  i n t e g r a t e  p r e -  
s e n t  knowledge i n t o  a g e n e r a l  combust ion t h e o r y .  The work at 
A t l a n t i c  Resea rch  has produced  p r o g r e s s ,  b o t h  by expe r imen t  and  
a n a l y s i s ,  toward  u n d e r s t a n d i n g  what i n f l u e n c e s  flame spread and  

* N A S A  T e c h n i c a l  R e p o r t ,  NASA TR R - 2 4 6 ,  p r e p a r e d  by Manned 
S p a c e c r a f t  C e n t e r  

* * F i r s t  i i leeting o f  Eastern S e c t i o n  o f  t h e  Combustion I n s t i t u t e  
a t  Mel lon  I n s t i t u t e ,  P i t t s b u r g h ,  November 27-28;  1967 

I 
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f l a m e  h e i g h t  and t h e  e f f e c t  o f  a c c e l e r a t i o n  on combus t ion .  H i s -  
t o r y  has shown t h a t  whenever a large body of l o g i c a l l y  o r d e r e d  
knowledge has been  accumula ted  t h e  r e s u l t  has been  a s t i m u l u s  t o  
t h e  t h e o r e t i c i a n s  t o  e x p l a i n  and t o  i n t e g r a t e  t h i s  newly a c q u i r e d  
e x p e r i m e n t a l  knowledge. There i s  e v e r y  r e a s o n  t o  b e l i e v e  t h a t  
t h i s  new a c c u m u l a t i o n  o f  da ta  p o i n t s  w i l l  s i m i l a r l y  s t i m u l a t e  
t h e  advance  o f  combust ion  t h e o r y  ( e i g h t h  vu -g raph) .  

There r ema ins ,  however, a d i s t i n c t  need for a d d i t i o n a l  
e f f o r t  and t h e  l i m i t a t i o n s  of  t h e  p r o g r a m ' s  c o n t r i b u t i o n s  t o  
f l a m m a b i l i t y  p r e d i c t i o n  t e c h n i q u e s  a r e  q u i t e  o ,bvious.  F i r s t ,  t h e  
n o n m e t a l l i c  mater ia ls  t e s t e d  were p r i m a r i l y  l i m i t e d  t o  Apollo 
mater ia ls .  Only a p u r e  oxygen a tmosphe re ,  and o n l y  nominal  
p r e s s u r e s  ( 5 . 0 ,  6 . 2  and  1 6 . 5  p s i )  were u s e d  d u r i n g  t h e  t e s t s .  
Very l i t t l e  high-g data  and less zero-g  data  were g e n e r a t e d .  
T o x i c i t y  and p y r o l y s i s  measurements  have been  hand icapped  b y  r e l a -  
t i v e l y  i n s e n s i t i v e  s e n s i n g  t e c h n i q u e s .  The o v e r a l l  and  g r o s s  
d e f i c i e n c y  o f  t h e  a v a i l a b l e  combust ion  t h e o r y ,  c h a r a c t e r i s t i c  o f  
n o t  o n l y  t h i s  program b u t  of  a v a i l a b l e  t e c h n o l o g y  g e n e r a l l y ,  has 
n o t  y e t  been a p p r e c i a b l y  r e p a i r e d  by  t h e  l i m i t e d  e f f o r t s  i n  t h i s  
d i r e c t i o n  ( n i n t h  vu -g raph) .  

2031-SSF-sam S. S.  Fineblum 

At t achmen t s  
Vu-grap hs  
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